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The increased use of Holstein genetic material in the dairy herd has consequences 
for beef production. A total of 24 spring-born calves comprising 8 Holsteins (HO), 8 
Friesians (FR) and 8 Charolais × Holstein-Friesians (CH) were reared from calfhood 
to slaughter. At the end of the second grazing season they were assigned to a 3 (breeds; 
HO, FR and CH) × 2 (slaughter weights; 620 and 730 kg) factorial experiment and fin-
ished indoors. After slaughter carcasses were classified for conformation and fatness, 
all organs and non-carcass parts were weighed, and the right side of each carcass was 
dissected into fat, bone and muscle. Non-carcass parts, carcass weight, kill-out propor-
tion, carcass conformation score and m. longissimus area were 405, 398 and 368 (s.e. 
8.31) g/kg empty body weight, 355, 344 and 383 (s.e. 9.4) kg, 509, 520 and 545 (s.e. 8.99) 
g/kg, 1.0, 2.0 and 3.1 (s.e. 0.16), 7616, 7096 and 9286 (s.e. 223.4) mm2 for HO, FR and 
CH, respectively. Corresponding proportions of carcass muscle and fat were 631, 614 
and 656 (s.e. 8.4), and 165, 200 and 165 (s.e. 10.5) g/kg. Increasing slaughter weight 
increased the proportion of total non-carcass parts, carcass weight, carcass fat score 
and fat proportion, and reduced carcass muscle and bone proportions. It is concluded 
that differences in kill-out proportion between the two dairy breeds was primarily due 
to the lower proportion of gastrointestinal tract (GIT) in FR, and the higher kill-out 
proportion of CH was mainly due to lower proportions of GIT, internal organs and 
internal fat. In terms of beef production, HO and FR were broadly comparable for most 
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Introduction
The importation of North American and 
European Holstein-Friesian genetic mate-
rial has changed the genetic composition 
of the Irish dairy herd from predominantly 
British Friesian to North American and 
European Holstein-Friesian (Buckley et 
al., 2000). The source of calves for beef 
production in Ireland is the national cow 
herd of 2.22 million animals, of which 
1.09 million are dairy cows (CSO, 2007). 
Holstein-Friesian sires account for approx-
imately 0.93 of dairy breed matings on 
dairy cows and 0.42 of the calves born to 
dairy cows (CMMS Report, 2006). Late-
maturing continental beef breeds sire 0.22 
of the calf crop from Irish dairy herds 
(CMMS Report, 2006). 
Beef breed comparisons need to be 
undertaken within the type of production 
systems to which the results are intended 
to apply (Keane and Allen, 2002) and due 
to the possibility of genotype × slaugh-
ter weight interactions animals should be 
slaughtered at more than one end point 
to obtain commercially useful estimates of 
growth patterns (Keane, More O’Ferrall 
and Connolly, 1989; Keane et al., 1990; 
Keane, 1994; Keane and Allen, 1998).
The non-carcass parts of beef cattle 
are a source of food and raw material 
for industrial use, and are of major sig-
nificance to beef producers because they 
influence kill-out proportion and thus car-
cass weight, on which payment is based 
(Keane, 1993). There are relatively few 
studies examining the proportions and 
growth of non-carcass parts or offals. 
In previous experiments at this Centre, 
Friesian and Holstein × (Holstein × 
Friesian) steers (Keane and More 
O’Ferrall, 1988), and Friesian and Charolais 
× Friesian steers (More O’Ferrall and 
Keane, 1990; Keane et al., 1990, 1991) 
were compared but the dairy animals used 
in these experiments were of lower genetic 
merit for dairy traits than the present dairy 
population. More recent studies (McGee 
et al., 2005) compared animals of higher 
dairy genetic merit similar to those in the 
present study, but carcass dissection was 
limited to the hind-quarter. 
The objectives of the present study were: 
(i) to compare the weights and proportions 
of internal and external organs and carcass 
side composition of Holstein, Friesian and 
Charolais × Holstein-Friesian steers, and 
(ii) to examine the effects of two slaughter 
ages on these traits. 
Materials and Methods
Animals and management
The animals used were contemporaries 
of those described by McGee et al. (2005) 
and details of purchase and management 
up until the end of the first grazing season 
were published previously. A total of 24 
spring-born calves, comprising 8 Holsteins 
(HO), 8 Friesians (FR) and 8 Charolais × 
Holstein-Friesians (CH) were reared from 
calfhood to slaughter. The HO group 
were the male progeny of high genetic 
merit (0.92 Holstein ancestry) dairy heifers 
imported from France and the Netherlands 
by the National Dairy Research Centre, 
Moorepark (O’Connell et al., 2000). The 
average pedigree index (RBI 95) of the 
heifers was 134 compared with an average 
of 104 for Irish cows born in the same year 
traits except carcass conformation score and carcass fat proportion, which were lower 
for HO. CH was superior to the dairy breeds in all important production traits. 
Keywords: carcass composition; cattle; Charolais × Holstein-Friesian; Friesian; Holstein; non-carcass parts
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(Buckley and Dillon, 1998). The FR animals 
were sourced from commercial farms with 
the assistance of the South-Eastern Cattle 
Breeding Society (Dovea AI). These calves 
were the progeny of bulls with less than 
0.13 Holstein ancestry, which had been 
mated to cows of similar genotype. It is 
assumed that about 20% of these calves 
were from heifers. The CH calves were 
purchased at a number of commercial live-
stock marts so as to be representative of 
the commercial population of CH calves. 
It is likely that the CH calves were the pro-
geny of mature Friesian cows as due to the 
relatively high level of calving difficulties in 
the breed, Charolais bulls are rarely used 
on dairy heifers. 
Calf rearing was as outlined by Fallon 
(1992). Calves were offered 25 kg milk 
replacer over a 42-day feeding period, 
hay ad libitum and up to a maximum of 
2 kg of concentrates daily. Calves were 
turned out to pasture together after a 
mean rearing period of 57 days and 
continued to receive concentrates at 1 
kg per head daily for the following 4 
weeks. They were castrated in September 
and subsequently housed in late October. 
During the indoor period they were indi-
vidually offered grass silage ad libitum 
only. The animals remained indoors until 
the end of August (to facilitate feed-
ing behaviour observations and blood 
sampling routines) following which, they 
were turned out to pasture until the 
beginning of November. They were then 
blocked on live weight within breed and 
assigned to a 3 (breeds; HO, FR and CH) 
× 2 (slaughter weights; 620 and 730 kg) 
factorial experiment. The finishing diet 
comprised of grass silage ad libitum plus 
supplementary concentrates (920 g/kg 
rolled barley + 65 g/kg soyabean meal + 
15 g/kg vitamin/mineral premix) increas-
ing from 2 to 6 kg per head per day over 
a 40-day period. 
Slaughter measurements
Animals were slaughtered over a 4-week 
period (1 from each breed group each 
week) as they reached their target slaugh-
ter weight. They were weighed before leav-
ing Grange Research Centre for slaughter 
at the National Food Centre, Ashtown, 
Co. Dublin (30 km distance) and weighed 
again on arrival and immediately prior to 
slaughter in order to determine weight loss 
during transport. Slaughter was according 
to standard procedures. 
All organs and non-carcass parts were 
weighed. Blood was collected and weighed 
in a pre-weighed container. Weights of 
head, hind feet, fore feet, tail and hide 
were recorded. The combined weight of 
the rumen, reticulum, abomasum, oma-
sum and intestines were recorded both 
full and empty. These were designated 
as gastrointestinal tract (GIT). All meta-
bolic organs (gall bladder, spleen, lungs, 
heart, liver and kidneys) were weighed. 
The carcass was trimmed in the stan-
dard commercial way and weights of dia-
phragm, spinal cord, linea alba and other 
“trim” were recorded. These were all 
designated as trim. External and inter-
nal fat depots were all weighed sepa-
rately. The external fat included weights 
of topside, cod, flank and brisket fat. 
The internal fat included the omental, 
mesenteric, perirenal, retroperitoneal and 
thoracic fats. Carcasses were classified 
for conformation and fatness according 
to the European Union Beef Carcass 
Classification Scheme (Commission of 
the European Communities, 1982). 
Carcass dissection
After a 72 h chill (4 °C) the right side of each 
carcass was cut along the caudal edge of the 
5th rib and through the spinal column. The 
abdominal muscles were freed where they 
join the pelvic limb and the side was cut 
along the edge of m. iliocostalis lumborum 
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through the ribs to the earlier cut at the 5th 
rib (Williams and Bergstrom, 1980). This 
divided the side into a pistola hind-quarter 
(i.e. the hind quarter to the 5th rib with-
out the area on the abdominal side of m. 
iliocostalis lumborum) and a fore-quarter, 
which included the afore-mentioned area. 
The m. longissimus area was measured 
at the cut surface between the 10th and 
11th ribs where the lumbar and ribs joints 
were separated. Both the pistola and the 
fore-quarter were dissected (Williams and 
Bergstrom, 1980) into subcutaneous fat, 
intermuscular fat, bone, muscle and other 
tissue (tendons, fascia, large blood vessels 
and ligamentum nuchae). The other tissue 
was included with bone in the statistical 
analyses. 
Statistical analyses
Data were analysed using the general 
linear models procedure of the Statistical 
Analysis System Institute (SAS, 2003) as 
a 3 × 2 factorial with terms for breed, 
slaughter weight, breed × slaughter 
weight, block and error. 
Results
Non-carcass parts
Empty body weight (EBW) and the pro-
portions of external and metabolic organs, 
gastrointestinal tract, carcass trim and offal 
fat, expressed relative to EBW, are shown 
in Table 1. Empty body weight tended (P = 
0.07) to differ between the breed types with 
FR having lower values than CH with HO 
being intermediate. All three breed types 
differed (P < 0.001) for weight of the head 
relative to EBW with the highest value for 
HO and lowest value for CH. The weight of 
the hide relative to EBW was greater (P < 
0.05) for CH than for the two dairy breeds, 
which were similar. Breed type did not 
significantly affect the relative weight of 
feet or tail. There was a tendency for total 
external organs scaled for EBW to differ 
(P = 0.08) between the breeds types, with 
FR having a lower value than HO and CH, 
which were similar. The relative weight of 
the full GIT tended to differ (P = 0.10) 
between breed types with lower values for 
CH than for HO with FR being intermedi-
ate. The relative weight of the empty GIT 
was greater (P < 0.05) for HO than for FR 
and CH, which did not differ significantly. 
Lungs, liver and kidney as a proportion of 
EBW were significantly lower for CH than 
for the dairy breeds, which were similar. 
Consequently, although the proportional 
weight of the remaining metabolic organs 
did not differ between the breed types, 
the total proportional weight of metabolic 
organs was lower (P < 0.001) for CH than 
for the dairy breeds, which were similar. 
The relative weights of trim and blood did 
not differ between the breed types. The 
weight of external fat, and of perirenal plus 
retroperitoneal plus thoracic fat, scaled 
for EBW, did not differ between the breed 
types, but the proportion of omental plus 
mesenteric fat was lower (P < 0.05) for CH 
than the dairy breeds, which were similar. 
This resulted in a higher (P < 0.05) pro-
portion of total offal fat in the dairy breeds 
than in CH. Total non-carcass parts as a 
proportion of EBW was lower (P < 0.05) 
for CH than the dairy breeds, which did 
not differ. 
Increasing slaughter weight increased 
(P < 0.001) EBW and significantly 
decreased the weight of fore feet, head, 
hide, total external organs, liver and blood 
when expressed relative to EBW. The 
aggregate weight of all offal fat was great-
er (P < 0.001) at the heavier slaughter 
weight. This resulted in a greater (P < 
0.05) proportion of total non-carcass parts 
at the heavier slaughter weight.
There was a breed × slaughter weight 
interaction for head expressed as a propor-
tion of EBW. This was due to a decrease 
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in the head proportion with increasing 
slaughter weight in the dairy breeds but 
not in CH. 
Slaughter and carcass traits
Slaughter traits and carcass measurements 
are shown in Table 2. The breed types did 
not differ in final live weight, slaughter 
weight or transport loss. Carcass weight 
was heavier (P < 0.05) for CH than for the 
dairy breeds, which were similar. Kill-out 
proportion was higher (P < 0.01) for CH 
than for HO with FR being intermediate 
and not significantly different from CH or 
HO. Carcass conformation score differed 
(P < 0.001) amongst the three breed types 
with HO being lowest and CH highest. 
Carcass fat score also tended to differ (P = 
0.06) among the breed types with HO hav-
ing a lower value than FR and CH being 
intermediate. There was no difference 
between the breed types in perinephric 
plus retroperitoneal fat measurements. The 
m. longissimus area both absolutely and 
scaled for carcass weight was significantly 
greater for CH than for the dairy breeds, 
which were similar. Compared to CH, the 
weight of the pistola and fore-quarter were 
significantly lighter for the dairy breeds, 
which did not differ. 
Increasing slaughter weight signifi-
cantly increased final live weight, slaughter 
weight, carcass weight, carcass fat score, 
perinephric plus retroperitoneal fat (both 
absolutely and when scaled for carcass 
weight), m. longissimus area, fore-quarter 
weight and pistola weight, and significantly 
decreased transport loss and m. longissimus 
area scaled for carcass weight. There was 
no significant effect of slaughter weight on 
kill-out proportion or carcass conforma-
tion score. 
Carcass composition
As a proportion of side weight, the pis-
tola and fore-quarter tended (P = 0.10) (T
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to differ among the breed types with FR 
having lower and higher values, respec-
tively, than HO, with CH being inter-
mediate (Table 3). Total muscle as a propor-
tion of side weight was higher (P < 0.01) 
for CH than for the dairy breeds, which 
were similar, and total bone proportion 
was higher (P < 0.01) for HO than for 
FR or CH, which did not differ. Total fat 
proportion was higher (P < 0.05) for FR 
than HO or CH, primarily due to a higher 
(P < 0.05) proportion of intermuscular 
fat, although subcutaneous fat propor-
tion was numerically higher also. 
Increasing slaughter weight tended (P = 
0.10) to decrease the weight of pistola 
and increase (P = 0.10) the weight of 
fore-quarter as proportions of side 
weight. Compared to animals at the light 
slaughter weight, those at the heavier 
slaughter weight had a lower proportion 
of total muscle (P < 0.001) and total bone 
(P < 0.01), and a higher proportion of 
subcutaneous (P < 0.01) and intermuscu-
lar (P < 0.001) fat in the side.
Discussion
Non-carcass parts 
The significantly greater proportion of 
hide, the largest individual non-carcass 
part, and the lower proportion of metabolic 
organs and total fat in the EBW of CH 
compared to the dairy breeds is in agree-
ment with the findings of More O’Ferrall 
and Keane (1990) who compared Friesian 
and Charolais × Friesian steers. These 
differences between dairy and beef type 
animals are also consistent with other 
reports. Jones, Rompala and Jeremiah 
(1985) found that Holsteins had a lower 
proportion of hide but greater proportions 
of their empty body weight as body organs 
(spleen, heart, liver, lungs, kidney), vis-
ceral fat depots, components of the diges-
tive tract and non-carcass parts (head and 
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feet) than beef crosses. Taylor and Murray 
(1991) reported that significant breed dif-
ferences in the proportions of body tissues 
and organs were associated with breed 
differences in lactability (i.e. genetic milk-
ing potential adjusted for body size). They 
found that as a proportion of body weight, 
intra-abdominal fat, liver, spleen and uter-
us significantly increased, and hide signifi-
cantly decreased, with lactability. Empty 
gut and gut fill also increased with lactabil-
ity but not significantly. In the present 
study, the only differences between FR 
and HO were higher proportions of head 
and empty gastrointestinal tract (which 
accounted for most of the difference) in 
the latter.
In agreement with the present results, 
More O’Ferrall and Keane (1990) found 
that the proportion of fat in the EBW 
increased, and that the proportion of 
head and feet decreased, with increasing 
slaughter weight. However, in that study 
the combined lungs, liver, heart and kid-
ney proportion also decreased. 
Slaughter and carcass characteristics
The higher kill-out proportion of the CH 
compared to HO, with FR intermediate, is 
generally consistent with previous reports 
comparing dairy and beef crosses (Keane 
et al., 1989; More O’Ferrall and Keane, 
1990; Keane and More O’Ferrall, 1992; 
Keane, 1994; McGee et al., 2005). The dif-
ference between the dairy breeds was pri-
marily attributed to the lower proportion 
of GIT in FR, while the higher kill-out 
proportion of CH compared with the dairy 
breeds was mainly due to lower propor-
tions of GIT, internal organs and internal 
fat although this was partially offset by a 
greater proportion of hide.
The poorer carcass conformation of HO 
than FR, and of FR than CH, is in close 
agreement with previous studies (More 
O’Ferrall and Keane, 1990; Kempster, 
Cook and Southgate, 1988; McGee et al., 
2005). The 1.1 unit lower carcass confor-
mation score of FR than CH was reflected 
in a proportionately 0.24 smaller area of 
m. longissimus, but there was no difference 
in m. longissimus area between HO and FR 
despite the 1.0 unit lower conformation 
score of the former. Likewise, Kempster 
et al. (1988) found that Charolais × Friesian 
steers had a greater m. longissimus area 
than either Friesian or Holstein, which were 
not significantly different, despite the latter 
also having a poorer carcass conformation. 
The tendency for a lower carcass fat score 
in HO than FR is consistent with previous 
findings (McGee et al., 2005). Southgate, 
Cook and Kempster (1988) found that 
Canadian Holstein steers required a longer 
time to finish than British Friesian steers 
when slaughtered at the same carcass fat 
score. This indicates a later maturity for 
HO than FR. 
The difference in carcass weight between 
the light and heavy slaughter weight was 71 
kg. While there was no significant effect of 
slaughter weight on kill-out proportion, 
numerically the trend was in the same 
direction as previous studies (Keane et al., 
1989; Keane and More O’Ferrall, 1992; 
Keane, 1994; Keane and Allen, 1999) 
in some of which the difference did not 
reach significance either (More O’Ferrall 
and Keane, 1990; Keane and Allen, 1998, 
2002). In the present study, kill-out pro-
portion did not increase significantly with 
increasing slaughter weight because the 
decreases in the proportion of hide, blood, 
organs and transport loss were offset by 
increases in the proportions of external 
and internal fat. The increase in carcass 
fat score and in perinephric plus retroper-
ioneal fat weight with increased slaughter 
weight was as expected from previous 
studies (More O’Ferrall and Keane, 1990; 
Keane, 1994; Keane and Allen, 2002; 
Keane, 2003). Increasing slaughter weight 
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increased the area of m. longissimus in 
absolute terms but reduced it when scaled 
for carcass weight. This indicates that the 
increase in m. longissimus size was propor-
tionately less than the increase in carcass 
weight but carcass conformation score was 
not significantly affected. This inconsis-
tency between changes in m. longissimus 
area and carcass conformation was also 
reported previously (Keane, 2003). Other 
studies have reported an increase in the 
absolute but not in the relative area of 
m. longissimus with no change in carcass 
conformation score (Keane, 1994; Keane 
and Allen, 2002). 
Carcass composition
The greater proportion of muscle and 
lower proportion of bone in the side for 
CH than for the dairy breeds, and the 
lower proportion of fat in the side for 
CH than for FR, is consistent with previ-
ous reports comparing beef crosses and 
Friesians (Keane et al., 1989; Keane and 
More O’Ferrall, 1992; Keane, 1994). The 
similarity between HO and FR in the 
proportion of side muscle is in agreement 
with the findings of Keane and More 
O’Ferrall (1988) who compared Friesian 
and Holstein × (Holstein × Friesian) 
steers but contrasts with the findings of 
Kempster et al. (1988) who found a higher 
proportion of lean in the carcass of British 
Friesian than in Canadian Holstein steers. 
Unlike the present results, Keane and 
More O’Ferrall (1988) found no differ-
ences between Friesians and Holstein × 
(Holstein × Friesian) in the side propor-
tions of bone or fat. 
The decrease in the side proportion 
of muscle and bone and increase in the 
proportion of subcutaneous and intermus-
cular fats with increasing slaughter weight 
is in agreement with the findings of previ-
ous studies (Keane et al., 1989; Keane and 
More O’Ferrall, 1992; Keane, 1994). The 
34.2 kg increase in carcass side weight 
between the two slaughter weights equated 
to 12.8 kg muscle, 3.1 kg bone and 18.3 kg 
fat. Consequently, fat made up 0.53 of the 
extra side weight. This compares with val-
ues of 0.52 obtained by Keane et al. (1989) 
and Keane (1994) and 0.45 obtained by 
Keane and More O’Ferrall (1992). 
It is concluded that the difference in kill-
out proportion between the dairy breeds 
was primarily attributed to the lower pro-
portion of GIT in FR, and the higher 
kill-out proportion of CH compared with 
the dairy breeds was mainly due to lower 
proportions of GIT, internal organs and 
internal fat. In terms of beef production, 
HO and FR were broadly comparable on 
most traits except carcass conformation 
score and carcass fat proportion, which 
were lower for HO, whereas CH was supe-
rior to the dairy breeds for all important 
beef production traits. 
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